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5 INSECTICIDE DRIFT FROM ORCHARD SPRAYERS 

5 . 1  INTRODUCTION 
Drift from a i r - a s s i s t e d  spraycrs  i n  orchards is p o t e n t i a l l y  much 
g r e a t e r  than from conventional hydraulic sprayers i n  ground crops.  
The spray is  directed outwards and upwards from a series of nozzles 
on both s i d e s  of the  spray tank while t he  sprayer  t r ave r ses  back and 
f o r t h  between rows of trees. Spray d r o p l e t s  t h a t  go above t h e  trees 
are thus l i a b l e  t o  be c a r r i e d  some distance by wind before  f a l l i n g  
to  the  ground, and evaporation during t h i s  time w i l l  f u r t h e r  extend 
t h e i r  p o t e n t i a l  for d r i f t .  

Although much work has  been dons t o  measure and improve t h e  
e f f i c i ency  of spray coverage on f r u i t  trees (see Lavers e t  a l . ,  
1991), there have been r e l a t i v e l y  few s t u d i e s  of d r i f t  from orchard 
sprayers .  Fig.  5.1 shows the results of t h r e e  such s tudies  
(reproduced from W i l l i a m s  et aZ., 1987). Cooke e t  a2. (1976) found 
t h a t  near ly  ha l f  of t h e  t o t a l  spray fell t o  t h e  ground with depos i t s  
up t o  40 m downwind; t h i s  was within the  orchard with the  wind 
blowing a t  r i g h t  angles t o  the  rows of trees. MacCollom et a l .  
(1386) detected d r i f t  deposi t ion 300 m beyond the  downwind edge of 
an orchard i n  t h e  absence of a perimeter s h e l t e r b e l t .  

Faul l  (1991) c i t e s  s t a t i s t i c s  showing an inc rease  i n  the  proport ion 
of poisoning inc idents  and complaints between 1987 and 1989 which 
were inves t iga t ed  by HMI and were a t t r i b u t a b l e  t o  a i r - a s s i s t e d  
spraying. 
assisted spraying of pes t i c ides  o ther  t han  herb ic ides  accounted for  
only about 2.6% of the  t o t a l  area sprayed i n  England and Wales i n  
1989 y e t  gave rise t o  29% of a l l  inc idents  reported.  

Most of these were from orchards and hop gardens. Air- 

Most commercial orchards have t a l l  hedges or  s h e l t e r b e l t s  around the  
per imeter .  and of ten  i n t e r n a l  s h e l t e r b e l t s  as w e l l .  ADAS has 
produced a booklet descr ib ing  the  use of l i v i n g  and a r t i f i c i a l  
windbreaks i n  h o r t i c u l t u r e  (MAFF, 1986). The primary purpose of 
these  is t o  reduce wind within the orchard thus reducing mechanical 
damage, chill f a c t o r ,  water loss and s o i l  e ros ion ,  and improving 
condi t ions f o r  p o l l i n a t i n g  in sec t s ,  all of which bene f i t  y i e l d s .  

S h e l t e r b e l t s  also allow spraying t o  take  place when it would be 
impossible on mare exposed sites, and a t  the  same time they serve 
t o  reduce spray d r i f t  o u t  af the  orchard. 
d r i f t  and the effects of s h e l t e r  were c a r r i e d  o u t  i n  four  orchards 
i n  Cambridgeshire through personal con tac t s  o r  with the  i n i t i a l  help 
of ADAS a t  Cambridge. 

The following s t u d i e s  on 

A r t i f i c i a l  windbreaks were not  s tudied.  These are genera l ly  made of 
polyethylene 1-2 rn high with a porosi ty  of 50%. They are e spec ia l ly  
use fu l  for  container-grown nursery s tock or as a short-term measure 
(5  years )  u n t i l  l i v i n g  windbreaks become es t ab l i shed .  Data on 
percentage reduction i n  wind flow 2-20 m downwind are given i n  MAFF 
(1986) * 

5.1.1 S i t e  descriptions 
Dry Drayton (TL3861). About 30 ha, mainly apples ,  surrounded by 
arable land. 
orchard with 3-3.6 m t a l l  s h e l t e r b e l t s  of a l d e r  down the  middle 

A t a l l  hedge or boundary p l a n t a t i o n  around most of the  



Fig .  5.1. R e l t i t i o n s h i p s  between d r i f t  d e p o s i t  concen$ra t ion  and distance 
downwind o f  t r e e s  sprayed with a i r a s s i s t e d  sprayers .  
From: A = MacCollon et al (1986), = IJigg et a1 (1984); 0 = Gooke et al 
(1 976) , Comparable deposits f rom c o n v e n t i o n a l  h y d r a u l i c  ground-crop sprayer  
(broken l i n e s )  from Erover  et al 1978. 
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Fig .  5.2. 
( d o u b l e  wavy lines) 
boundaries (heavy  l ines)  and compartments (b roken  1 i n e s )  . 
speeds at g i v e n  d a t e s  i n  1991. 
orchards  show sprayed areas, the l a t t e r  wi th  target  p o s i t i o n s  as dots .  

Plans of four Cambridgeshire orchards showing t h i c k  shelterbelts 
t h i n  s h e 1 t e r b e l t . s  ( s i n g l e  wavy l i n e s ) ,  unsheltesed 

Stippled areas in Colne and West Walton 
Numbers show wind 

&Dry  Drayton 

b) Sornersharn 

c) Colne 

dl West Walton 



(along the  c r e s t  of a h i l l )  and a series of similar b e l t s  a t  s i g h t  
angles div id ing  up t h e  compartments (Fig 5.2a). 

Somersham (TL348747). About 5 ha,  mainly apples  with pears and 
plums. 
sides bordering a r a b l e  f i e l d s ,  with a tall hedge along the  roadside 
and 8 neighbouring orchard of old plum trees t o  the  east. 
recent ly  planted a l d e r s  along the  southern boundary and near  the  
cent re  t o  provide i n t e r n a l  s h e l t e r  (Fig.  5.2b). 

Bounded by tall poplar trees (ca. 10 m) along most of two 

Some 

Colne (TL376773). About 24 ha, mainly pears  and plums. T a l l  
poplars  (ca .  10 m )  around much of the north-west and north-east  
boundaries,  and across the  orchard d iv id ing  it  i n t o  blocks. Parts 
of the  south-eastern boundary were unshel tered (Fig.  5 . 2 ~ ) .  

West Walton (TF488137). About 7 ha, mainly applesd A t h i n  broken 
l i n e  of poplars  and willows (ca. 7 m) along t h e  nor th  and north- 
east, a th i cke r  b e l t  along the  south-west, but  open to  a rab le  f i e l d s  
aver  t he  south-eastern corner .  No i n t e r n a l  s h e l t e r b e l t s  (Fig.  
5 .2a) .  

I n  a l l  t hese  orchards ,  t he  well-pruned apple  and pear  trees seldom 
exceeded 2 m i n  he igh t  bu t  areas of old plum trees a t  Somersham and 
Colne produced considerably ta l le r  and denser foliage. 
orchards complied with ADAS recommendations f o r  s h e l t e r  t o  be 
provided pr imar i ly  from preva i l i ng  winds i n  the south-west and west, 
and genera l ly  also f o r  pro tec t ion  from the  north-west and north-east  
(MAFF 1986) . 

A l l  the  

5.2 RIOASSAYS OF INSECTLCLQE DRIFT IN ORCHARDS 
Four bionssay s t u d i e s  of in sec t i c ide  d r i f t  were undertaken but  only 
two of these gave much u s e f u l  data .  
where arrangements were made with Dr I Newton t o  s u i t  an 
experimental t imetable .  
o ther  t h ree  orchards had a l l  agreed t o  inform us  when they planned 
to  use c e r t a i n  i n s e c t i c i d e s ,  i n  p rac t i ce  i t  was necessary t o  keep 
checking, and most spray  operat ions were c a r r i e d  out  a t  too shor t  
no t i ce  or were missed a l toge the r .  
was so low t h a t  no d i s c e r n i b l e  drift occurred,  and on the  last 
occasion, on 23 J u l y ,  a l l  l a rvae  suf fered  high mor t a l i t y  because of 
prolonged s to rage  of t he  eggs. 
occasion is  described i n  s ec t ion  5.4) 

These were from West Walton 

Although t h e  owners or  managers of the  

On one occasion, ?.he wind speed 

(Drift depos i t ion  from t h i s  la t ter  

5.2.1 Methods 
Standardized methods were used i n  a l l  t h e  bioassays with 20-30 2-day 
o ld  P. brasstcae l a r v a e  on leaves of harse-radish placed i n  pots  on 
the  ground a t  measured d i s t ances  downwind of t h e  sprayed areas. 
Mortal i ty  was assessed over th ree  days. 

T r i a l  1, West Walton, 2 November 1990; cypermethrin, 
Cypermethrin 1OEC was sprayed a t  about 130 ml ha-' (13 g a.i, ha-') 
i n  450 l i t re  ha-' of water. The wind was from t h e  nor th ,  and d r i f t  
was measured from a s i n g l e  pass upwind of a double row of apple 
trees which formed the boundary i n  the  south-east  of the  orchard 
(see Fig. 5.2d) .  An i n i t i a l  pass was made with water-sensi t ive 
papers placed along two transects 12 m a p a r t  a t  i n t e r v a l s  from 5 t o  



50 m downwind (measured from the t runks of the  inner  row of trees) 
i n t o  a bare arable f i e l d .  After a v i sua l  inspect ion of drift 
deposi t ion,  l a rvae  were put  o u t  a t  se l ec t ed  i n t e r v a l s  along these  
transects up to  60 m .  
added. 
batch of water -sens i t ive  papers was spoi led .  

A second pass was then made with i n s e c t i c i d e  
However, a t  t h i s  moment a fine' r a i n  s t a r t e d  and the  Second 

T r i a l  2 ,  West Walton, 13 June 1991; carbary l .  
Thinsec was appl ied as a f r u i t  th inner  t o  Bramley apples at 4.8 
l i t r e  ha-' (2160 g a . i ,  ha-') i n  500 l i tre ha-' of water. There was 
a west wind so d r i f t  was assessed from the sprayer  running south- 
nar th  i n  the  cen t r e  of the  orchard (Fig. 5.2d) .  Three passes were 
made covering th ree  raws of trees and giv ing  a total sprayed width 
of 20 m .  Target insects were pu t  o u t  along four transects between 
rows of trees running a t  r i g h t  angles t o  the  sprayed rows. 
transects were divided i n t o  t w o  p a i r s  8 m apa r t .  
placed about 30 m from the  nor thern  boundary, and the  o ther  pa i r  
about 70 m f u r t h e r  away, near  t h e  middle of the  orchard.  It was 
expected t h a t  the  nor ther ly  p a i r  would receive more wind and 
therefore  more drift, but  t h e  anemometer' readings showed s l i g h t l y  
more wind opposi te  the sou the r ly  pa i r  (Fig. 5.2d).  
spaced a t  i n t e r v a l s  between 20 and 100 m downwind from the  nearest 
sprayed l i n e  of trees. 
r a i n  j u s t  before  the  i n s e c t s  were put  ou t .  

The 
One p a i r  was 

The targets were 

Water-sensit ive papers were again spoi led  by 

A standard series of tests was done i n  the  laboratory t o  deteymine 
the  top ica l  LD,, dose f o r  ca rba ry l  to  2-day-old P. brassicae l a rvae  
for  comparison with o the r  i n s e c t i c i d e s  (Sinha e t  aZ., 1990; Davis e t  
a l .  , 1991) 

Trial  3, Colne, 3 J u l y  1991; chlorpyr i fos .  
Dursban was appl ied t o  plums a t  1 litre ha" (480 g a . i .  ha"') i n  
1100 l i t re  ha-' of water. 
period was very low (0.20-0.26 m s - I )  and with scarcely d i sce rn ib l e  
d i r ec t ion  wi th in  the  orchard.  
adjacent  inter-rows,  f i r s t  t o  t h e  north-west of a dense compartment 
of o ld  plum trees t h a t  were sprayed, and then north-east  of a very 
open block of young plum trees (Fig.  5.2b). Water-sensit ive papers 
were not  used because of t h e  misty condi t ions,  

The mean wind speed over a h a l f  hour 

Targets  were placed along two 

Results 
The l a r v a l  mortalities f o r  t h e  pair of transects in Trial 1 and the  
two p a i r s  i n  T r i a l  2 are given sepa ra t e ly  i n  Table 5 . 1 .  Wken mean 
values a t  each d is tance  are taken f o r  p a i r s  of transects they show 
e s s e n t i a l l y  similar p r o f i l e s  for  cypermethrin and carbary l  (Fig. 
5.3).  
mortality a t  about 50 m ;  t h e r e a f t e r ,  mor ta l i ty  was similar t o  
cont ro ls .  

Both compounds gave 50% mor ta l i ty  a t  about 20-25 m and 10% 

The wind speed was not iceably  higher  upwind of t h e  sprayer  i n  Trial 
2 than i n  T r i a l  1, which would be expected t o  cause more d r i f t .  
However, t he  f r u i t  trees themselves reduced the  wind speed through 
the  orchard in Tria l  2 (Fig. 5.2d) and would have f i l t e r e d  some of 
t h e  d r i f t  unlike the open f i e l d  i n  Trial 1. 

There was considerable  v a r i a t i o n  within pairs of transects, 
e spec ia l ly  i n  T r i a l  2 where air turbulence through the apple trees 



Table 5.1. F ie ld  bioassays from orchard spraying a Wes Walton: % m 
d r i f t  of cypermethrin and carbaryl a t  given distances downwind. 

Date 2.11. go 
Product/rate (g ai ha-') cypermethrin/l3 
Wind speed (mode m s-')  2 

Distance (a) A B A 

t a l i t y  of 2-day old P. bra. 

13.6.91 
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3.0 

B c 
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3.5 
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Table 5.2. Percentage mortality of 2-day-old P .  brassicas larvae from 
top ica l  applications of carbaryl. 

Concentrat ion x1O' ( X )  No. tested % mortality 

360 
240 
180 
120 
60 
30 
15 

Con t ro 1 
7.5  

22 
58 
96 
98 
78 
76 
76 
15 
77 

90.9 
79.3 
54.2 
43.9 
16.7 
25.0 

7.9 

1.3 
0 

Table 5,3. Field bioassays from orchard spraying at Colne: mean % 
m o r t a l i t y  of P. brasst'cae larvae from pairs of transects in two tr ials with 
ch lo rpyr i fos  on 3.7.91. Mean wind speed 0.23 m s-I. 

Distance (m) I I1 

5 
10 
15 
20 
25 
30 
40 
50 
60 

Control 
Mean larvae/station 

- 
7.2 

5.4 

5.7 
5.4 
4 . 1  
5.5 
3.8 

- 
- 

26.7 

14.5 
13.2 
16.4 
6.3 
9.8 

10.9 
* 



Fig. 5,3(a). 
Pieris brassicae larvae ( see  Table 5.1)" 
cyperrnethrin t r i a l ,  open triangles show mean mortalities for two p a i r s  of 
transects in casbaryl trial. 

Bioassays of spray d r i f t  t r i a l s  at Vest Walton using %-day old 
Circles show mean mortalities from 

S o l i d  triangles give the envelope of a11 worst  
cases 1 

100 

80 

20 

0 
8'0 100 15  i0 30 40 50 60 

Downwind Distance (rn) 

Control 

(b). 
cypermethrin trial. 

Profile of d r i f t  deposition on water-sensitive papers from 

% 

30- 
I 

1 0 -  

6 -  

3- 

1- 

0 . 6 -  

0.3- 

0.1- 
-.- 
0 10 20 30 4 0  50 

Distance (m) 



was thought l i k e l y  to  cause uneven deposi t ion.  
wind d i r e c t i o n  was somewhat ob l ique  to the  l i n e s  of trees (Fig.  
5 . 2 d ) .  
40 m occurred i n  both transects and i n  the  water -sens i t ive  papers 
dur ing  the  earlier spray run (F ig .  5.3b). Even i f  t h i s  was a 
cons i s t en t  f ea tu re  under those p a r t i c u l a r  condi t ions ,  t he  result is 
seen i n  F ig .  5.3a to  f a l l  wi th in  the  broader p i c t u r e  afforded by 
T r i a l  2. 

Note t h a t  t he  modal 

I n  T r i a l  1 with cypermethrin, a small peak i n  mor ta l i ty  a t  

The uppermost l i n e  i n  Fig. 5.3 traces the worst cases out of a l l  s i x  
"tansects i n  the  two t r ia l s ,  s i n c e  p ro tec t ive  measures aga ins t  
environmental damage may need to take account af these  r a t h e r  than 
average conditions. 
carbaryl can have major e f f e c t s  between 30-40 m ,  and de tec t ab le  
e f f e c t s  between 50-60 m downwind, 

They i n d i c a t e  t h a t  d r i f t  of cypermethrin and 

Carbaryl is i n t r i n s i c a l l y  less tox ic  t o  P. brassicas than 
cypermethrin (Table 5.2) but  i t  is appl ied a t  a very much higher 
rate. Thus the  contact  " f i e l d  hazard index" for  P. brassicae l a rvae  
(rate/LD,,), when i t  is  used fo r  thinning Bramley apples ,  is  506. 
When used as an in sec t i c ide  fo r  codling moth a t  3.8 l i t r e  ha-' 
(1710 g a . i .  ham1) the  f i e l d  hazard index would be 401, The contact  
field hazard index  for cypermethrin is  108 (see Table 4,2) but  t h i s  
has addi t iona l  stomach ac t ion .  

The results for  T r i a l  3 a t  Colne are summarized i n  Table 5.3. There 
was no significant morta l i ty  i n  t he  first p a i r  of t r a n s e c t s  above 
t h a t  recorded i n  c a n t r a l s ,  and less than 20% mor ta l i t y  i n  the  second 
p a i r  of t r ansec t s  even a t  5 m. This confirmed the lack of d r i f t  
wi th in  a well she l te red  orchard under v i r t u a l l y  calm condi t ions.  

5.3 EEECTS OF SHELTER ON WIND SPEEDS 

5.3.1 He thods 
A comparison of wind speeds i n  d i f f e r e n t  p a r t s  of t h e  first th ree  of 
these  orchards w a s  made on 21 May 1991. 
(Vectair ECS 3/R/EC) were taped to t he  tops of 1 m poles which were 
s tuck  i n t o  the  ground a t  se l ec t ed  loca t ions  i n  each orchard and run 
simultaneausly f a r  20 minutes. 
recorded on individual  counters and were noted every two minutes. 
recording anemometer (Vectair R 5 O O ) ,  which produced a trace of wind 
speed and d i r ec t ion ,  and which had been used i n  earlier drift 
s t u d i e s ,  was s ta t ioned  alongside one of t h e  counting anemometers and 
the  t r a c e  l i k e w i s e  marked every t w o  minutes- A separate c a l i b r a t i o n  
exe rc i se  was ca r r i ed  out  t o  provide comparabili ty between the  s i x  
counting anemometers. The counts  from the  orchards were then 
converted i n t o  mean wind speeds by comparison with the  continuous 
recording anemometer. 

Six counting anemometers 

Tke number of revolu t ions  were 
A 

I n  t h e  West Walton orchard,  wind speeds were measured a t  four  
loca t ions  during a d r i f t  bioassay t r i a l  on 3 July 1991 (see above), 
Two anemometers were s i t u a t e d  within the  orchard j u s t  upwind of a 
sprayed a rea ,  and two were placed 10 m out from the  e a s t e r n  boundary 
i n  t ramlines  within a f i e l d  of wheat. One of the  lat ter was behind 
a s e c t i o n  of s h e l t e r b e l t  while t h e  o the r  was opposi te  an unshel tered 
p a r t  of t he  boundary. 

5"9  



5.3.2 Results 
The pos i t ions  of the  anemometers, and mean wind speeds recorded i n  
these  four  orchards,  are shown i n  Fig 5.2a-d. The r e s u l t s  f o r  the 
first th ree  orchards were obtained wi th in  a period of j u s t  over 
t h ree  hours under cons i s t en t  weather condi t ions .  The free wind 
speed of 3.6 m s" ' ,  recorded a t  the  southern extremity of the  
Somersham orchard i n  a f i e l d  of wheat, was equivalent  t o  a gentle tO 
moderate breeze,  fo rce  3-4 on the  Beaufort  Scale (about 5.4 m s-' at 
10 m he igh t ) .  Readings obtained from the  c h a r t  recording anemometer 
showed 8 var i a t ion  of about kl.2 m sml i n  any two minute per iod ,  and 
a va r i a t ion  of up to  k2.0 rn s-' over a 20 minute per iod.  

This comparative s tudy  showed t h a t  mean wind speeds va r i ed  near ly  as 
much within each orchard as between orchards.  The Dry Drayton 
orchard was unusual i n  s t r add l ing  a r idge  so t h a t  t he  h ighes t  and 
most exposed ground was the  c e n t r a l  north-south a x i s  with the  ground 
f a l l i n g  away t o  the  west, east and nor th .  Thus, although the  most 
nor ther ly  anemometer w a s  i n  an area clear of f r u i t  trees i t  was 
evident ly  she l t e red  by t h e  land form from the  wester ly  wind; i t  gave 
a much lower reading than one on the  r i d g e  250 rn t o  t he  south-east ,  
although the  l a t te r  was close to  a s h e l t e r b e l t .  
s h e l t e r b e l t s  j u s t  to  the  north of t h a t  po in t  was again noted as 
being p a r t i c u l a r l y  exposed during a d r i f t  study on 23 May when the  
wind w a s  from the  north.  

The gap between 

A t  the  Somersham orchard,  t he  f i v e  anemometers within the  orchard 
a l l  had d i s t i n c t l y  lower readings than t h e  one on the  southern 
extremity surrounded by wheat. 
had 8 higher reading than the  one on the western edge (next  t o  a 
s h e l t e r b e l t )  desp i te  the  240 m wide area of f r u i t  trees upwind. 

The anemometer on the  e a s t e r n  edge 

A t  Colne, on the  o t h e r  hand, the  three  anemometers on t h e  north- 
western, windward, edge of the  orchard a l l  showed much higher  wind 
speeds than those on the  downwind edge and i n  the  middle. The 
anemometer j u s t  behind t h e  poplar s h e l t e r b e l t  had a marginally 
higher reading than the  one j u s t  ou t s ide  on the  northern corner ,  
The lowest value of 0.8 m sI1 was recorded a t  a po in t  on t h e  south 
cas t e rn  edge where the re  was no per imeter  s h e l t e r ,  so spraying t h a t  
edge of the orchard under those condi t ions  would produce r e l a t i v e l y  
l i t t l e  d r i f t  i n t o  the  adjacent  f i e l d .  

A t  West Walton on lJ June 1991, the  two anemometers i n  t he  middle of 
the  orchard had markedly higher  readings than the two within the  
wheat f i e l d  downwind of the  orchard. Thus,  the  orchard i t s e l f  again 
appeared t o  provide cumulative s h e l t e r ,  bu t  the  presence of 61 good 
boundary s h e l t e r b e l t  near t he  north-eastern corner ev ident ly  reduced 
the  wind spe@d st i l l  more, and would provide a usefu l  b a r r i e r  t o  
spray d r i f t  o u t  of the  orchard.  

5.4 EFFECT OF SITELTER ON D R I F T  DEPOSITION 
To demonstrate t he  effect of an orchard s h e l t e r b e l t  on spray d r i f t ,  
one i d e a l l y  needs t o  compare results i n  the presence and absence of 
t he  s h e l t e r b e l t  whi le  a l l  o the r  va r i ab le s  are kept cons tan t ,  In  
p r a c t i c e ,  t h i s  i s  r a r e l y  poss ib le ,  e s p e c i a l l y  during a commercial 
spraying programme. Even i f  t he re  are incomplete s h e l t e r b e l t s  t o  
provide such comparisons they are un l ike ly  t o  be i n  t h e  appropriate  
places when spraying i s  done. Drift with in  an orchard is  subjec t  t o  



turbulence and eddies caused by t h e  rows of f r u i t  trees themselves, 
while access t o  neighbouring land f o r  measuring d r i f t  ou t  of the  
orchard is no t  always poss ib le .  

The following two trials s tud ied  drift i n  the Dry Drayton orchard 
using water-sensi t ive papers t o  d e t e c t  d i s c o n t i n u i t i e s  i n  deposi t ion 
a t t r i b u t a b l e  t o  s h e l t e r b e l t s .  As mentioned earlier, problems over 
timing prevented the  use  of bioassays.  

5.4.1 Methods 
Trial 4 ,  Dry Drayton, 23 May 1991; chlorpyr i fos ,  
The wind w a s  from the north so t h r e e  ~ Q W S  of water-sensitive papers 
were laid ou t  t o  the  south of compartment 2 A  which was p a r t i c u l a r l y  
exposed t o  wind from t h i s  q u a r t e r  (see site descr ip t ion  above and 
Fig.  5.2a), 
swathe between 8 block of apple  trees and a concrete track a t  about 
30" t o  the  p reva i l i ng  wind (Fig. 5.4a) Transect 3 ran more or less 
d i r e c t l y  downwind from the  same s t a r t i n g  poin t ,  through a gap i n  th@ 
c e n t r a l  s h e l t e r b e l t ,  and then d iagonal ly  through the  l i n e s  of apple 
trees. 
a l d e r  s h e l t e r b e l t .  
above the  ground a t  10 m spacing from 10 t o  60 m downwind. They 
were taken up a f t e r  e igh t  rows of trees (55 m )  had been sprayed. 
recording anemometer was placed on the  concrete  t rack  i n  t he  gap 
between the  s h e l t e r b e l t s .  

Trmsect 1 was placed along a closely mown grassy  

Transect 2 took an in te rmedia te  course passing through the  
The papers were held hor izonta l ly  about 11 cm 

A 

T r i a l  5,  Dry Drayton, 23 Ju ly  1991; diflubenzuron. 
The wind was from the  south,  and d r i f t  was measured from f i v e  rows 
of trees sprayed near the  nor thern  edge of compartment 2. 
rows nea res t  t h i s  edge were unsprayed) (F ig .  5.4a). Two p a r a l l e l  
transects were l a i d  out  20 m apart diagonally through an alder 
s h e l t e r b e l t  and then through fou r  rows of apple trees i n  compartment 
2 A .  
i n  t r i a l  4 ,  and, i n  add i t ion ,  two counting anemometers were placed 
near the  beginning and middle af the  t r a n s e c t  l i n e s  to  record the  
e f f e c t  of t he  s h e l t e r b e l t .  

(The two 

The recording anemometer was placed c lose  to  where i t  had been 

5.4.2 Results 
I n  Trial 4 ,  t h e  modal wind speed was about 3.5 m s-' (range 2.0-5.0) 
an the exposed t rack.  
decrease i n  deposi t ion i n  a l l  t h r e e  t r a n s e c t s  from 10 t o  20 m, with 
largest values  i n  transect 3 which was aligned most d i r e c t l y  
downwind (Fig.  5 .4b) .  
most markedly i n  t r ansec t  3 where i t  en tered  the ad jo in ing  orchard 
block and received p a r t i a l  shelter from the t rack-side b e l t  of 
a lde r s .  A t  40 m ,  t h i s  s h e l t e r b e l t  c l e a r l y  had a marked e f f e c t  i n  
reducing deposi t ion on transect 2 ,  which from then on had similar 
deposi t ion t o  t r ansec t  3, while depos i t ion  on transect 1 decl ined 
more slowly. 
receive increas ing  s h e l t e r  from the  block of f r u i t  trees l y i n g  
d i r e c t l y  nor th  (upwind) of them. 

The water -sens i t ive  papers showed a similar 

From 20 t o  30 m ,  however, depos i t ion  decl ined 

Note t h a t  t he  more d i s t a n t  targets on transect 1 would 

Larvae were not  ava i l ab le  f o r  bioassay on t h i s  occasion, and the  
r e l a t i v e  t o x i c i t y  of ch lorpyr i fos  has not  been determined. However, 
i f  these deposi t ion r e s u l t s  are compared with those from Trial 1 a t  
West Walton, they ind ica t e  t h a t  an i n s e c t i c i d e  with f i e l d  hazard 
r a t i n g  comparable t o  cypermethrin (and applied i n  the  same volume of 
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water) would cause s i g n i f i c a n t  mor t a l i t y  up to  30 m i n  the  absence 
a f  s h e l t e r  (depos i t ion  2 1%). 

The wind speed i n  Tr ia l  5 ranged from 1.0 t o  4 ,O m s-' on the t rack  
over a period of 30 minutes, with a mean of  3 . 1  m sml i n  f r o n t  of 
the  s h e l t e r b e l t  and 2,2  m s-' behind i t ,  i . e .  a 29% reduction over 
t he  17 m i n t e r v a l .  The d r i f t  depos i t ion  profiles (Fig.  5 . 4 ~ )  are 
less r e a d i l y  in t e rp re t ed  i n  terms of r e l a t i v e  s h e l t e r  s ince  both 
transects were theo re t i ca l ly  sub jec t  t o  similar condi t ions.  
Deposition was general ly  an order  of magnitude lawer than i n  Trial 4 
up t o  30 m. 
and p a r t l y  t o  the s h e l t e r  e f f e c t  from the two unsprayed rows on the  
northern edge of the  sprayed block. 
appeared t o  have l i t t l e  immediate e f f e c t  on reducing deposi t ion on 
t r ansec t  A ,  b u t  deposi t ion va lues  from 17 m onwards were all very 
l a w  and s u b j e c t  t o  local sampling e f f e c t s .  

This may have been due p a r t l y  t o  the  lower wind speed 

The s h e l t e r b e l t  a t  13 m 

5.5 DISCUSSION 
Tke bioassay t r ia l s  with cypermethrin and carbary l  a t  West Walton 
showed e f f e c t s  of i n sec t i c ide  d r i f t  at much greater d is tances  than 
were recorded from hydraulic spraying of f i e l d  crops, I n  the  latter 
case, bu f fe r  zones up t o  24 m were suggested fa r  cypermethrin t o  
l i m i t  mor t a l i t y  t o  10%, whereas 50-60 m would be required i n  the  
case of a i r - a s s i s t e d  orchard sprayess. I n  p r a c t i c e ,  where the  rows 
of f r u i t  trees were parallel t o  a boundary, the  outer  side of the  
outermost row would be sprayed w i t h  only t h e  inward-facing j e ts .  
The next  pass  of the sprayer is  the re fo re  l i k e l y  to be a t  least 10 m 
from the  orchard boundary. I n  the  first t r i a l  a t  West Walton, fo r  
example, the bioassay sample s i t u a t e d  50 m from the  sprayed trees 
was about 38 m i n t o  the  a rab le  f i e l d .  

The south east corner of that  orchard was particularly exposed to 
nor ther ly  wind but the wind speed on t h a t  occasion was only 2 m s-l 
so i t  cannot be considered a worst case.  Parts of the  Colne and 
Somersham orchards had similar unshel tered sec t ions  of perimeter;  
any spraying of the  narrow tongue of orchard pro jec t ing  southward i n  
t he  l a t t e r  site (Fig.  5.2b) would be very  prone to  d r i f t .  

Faul l  (1991) s t a t e s  t h a t ,  under the  Control of Pes t ic ides  
Regulations 1986, the  pyrethroid aca rac ide / in sec t i c ide  fenpropathrin 
must no t  be appl ied by a i r - a s s i s t e d  sp raye r s  within 80 m of surface 
waters and d i t ches .  This ru l ing  app l i e s  whether or  not the re  are 
good s h e l t e r b e l t s  around an orchard or hop garden because i t  i s  nat  
poss ib l e  t o  def ine  s i t u a t i o n s  where s h e l t e r  would be considered 
f u l l y  e f f e c t i v e .  Our comparative s tudy on wind speeds i n  four 
orchards showed t h a t  there  was considerable  v a r i a b i l i t y  between 
d i f f e r e n t  p a r t s  of the  same orchard under a p a r t i c u l a r  preva i l ing  
wind but  r e l a t i v e l y  she l te red  and unshel tered pos i t ions  were not  
always easy t o  p red ic t .  Local f a c t a r s ,  such as topography and the  
funnel l ing  of  wind through gaps i n  s h e l t e r ,  are important i n  
determining the  reading a t  any p a r t i c u l a r  po in t ,  and changes i n  wind 
d i r e c t i o n  are bound t o  a l ter  the  r e l a t i v e  values  obtained. These 
wind speed values  were all obtained a t  about mid-crop height .  
Readings taken above crop height, a t  the maximum height  reached by 
spray ,  would be not iceably higher and probably less subjec t  t o  
v a r i a t i o n  across an orchard i n  the  absence of a boundary or i n t e r n a l  
s h e l t e r b e l t .  



The lowest  wind speed readings  were obta ined  a t  Colne where 
per imeter  and i n t e r n a l  b e l t s  of 10 rn t a l l  poplars ,  coupled with flat 
topography. provided t h e  greatest shelter. A t  Dry Drayton and 
Somershm. t h e  i n t e r n a l  s h e l t e r b e l t s  were of grey alder Atnus incana 
or  I t a l i a n  alder A .  cordata.  These can grow to 15 m on s u i t a b l e  
s o i l s ,  and are e a s i l y  kept  trimmed to  7.5-9 m with good leaf 
product ion from top to bottom (as a t  East Malling, for  example). 
ADAS also recommends t h e  common o r  black alder A .  glutinosu for  
damper s o i l s  (MAFF, 1986). A .  incana and A .  g l u t i n m a  cease t o  grow 
once they s tar t  t o  bea r  seed.  For t h i s  reason, t he  A .  incana is 
being replaced by A .  copdata i n  the most recent  p l an t ings  a t  Dry 
Drayton ( K .  Basham, pcrs. comm.). 

Apart from the e f f e c t i v e  use of s h e l t e r  i n  orchards,  d r i f t  could be 
significantly reduced i n  p r a c t i c e  by modifying orchard sp ray ing  
equipment so  as t o  limit spray height  near the  sprayer t o  crop 
h e i g h t .  Walklate (1991) has made computer s imula t ians  of drift 
assuming a force 2 wind (3 m s-' a t  10 rn) and crop height of 2.5 m .  
He showed t h a t  a d r i f t  reduct ion of 70-8O;I a t  20 m could be obta ined  
by e l imina t ing  41% of the t o t a l  spray  f lux  above crop h e i g h t .  

5.6 CONCLUSIONS 
Biwassays from two t r ia l s  with a i r - a s s i s t e d  spraying of i n s e c t i c i d e s  
showed t h a t  harmful e f f e c t s  can be de tec ted  50-60 m downwind. S ince  
neither trial was conducted under p a r t i c u l a r l y  dr i f t -producing  
condi t ions .  t h e s e  Figures should be considered minimal i n  fixing 
b u f f e r  Z Q ~ ~ S  t o  p r o t e c t  s e n s i t i v e  sites. 

Poplars and w i l l . o w s  can reduce wind speeds through an orchard  
s i g n i f i c a n t l y  but  they need to  be s u f f i c i e n t l y  t a l l  and cont inuous 
t o  be most e f f e c t i v e .  They should i d e a l l y  be around the whole 
per imeter  t o  take account of d i f f e r e n t  wind d i r e c t i o n s ,  Alders are 
favoured for g iv ing  effect ive internal windbreaks. 
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